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Abstract 
In the optical current transformer the sub-wavelength metallic gratings are hopeful to substitute the traditional 
polarizer because of their excellent optical properties. In this paper, a powerful analysis and design tool used for the 
sub-wavelength grating is proposed based on Matlab and LabVIEW virtual instrument software architecture. The 
RCWA (coupled-wave analysis) accompany with the enhanced transmittance matrix approach and the method of 
Fourier factorization is applied for the analysis of the grating. In the software platform, the users can visually and 
simply design a grating with arbitrary groove profile or intelligently extract the groove profile from the grating 
actually produced by image processing. The values of the diffraction efficiency and grating extinction ratio depend on 
the various parameters of the grating and incident light can be analyzed through the results in the form of charts and 
tables. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ICAEE 2011 
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1. Introduction  
In 1992, Veldkamp [1] first put forward the concept of Binary Optics in the study of a new sensing system, 
and then the research of the binary optical elements made great strides because of their inimitableness 
advantages. Now, miniaturization and integration have gradually become an inevitable trend for the 
optical components, and it’s the inevitable result of the mutual development and penetration of the 
microelectronics and optics. As a diffractive binary optical element, sub-wavelength metallic gratings 
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attract the attention of the scholars [2-4] because of their high transmission efficiency, high extinction 
ratio and large field of view, which also bring about their wide application prospect in the field of 
information processing, laser technology and optical fiber communication.  
The polarizer is an important part of the optical current transducer, which almost theoretically 
overcome all the shortcomings of the traditional transformer and becoming an important development 
orientation of the power measurement system. Sub-wavelength metallic gratings are hopeful to substitute 
the traditional polarizer, which is difficult to be integrated with the magneto-optical crystal and the 
extinction ratio of which is affected by the ambient temperature, to improve the measuring stability of the 
optical current transformer.  
Due to the feature size of the sub-wavelength optical components become smaller than the incident 
wavelength, the assumptions and approximations from the traditional scalar diffraction theory are no 
longer applicable. The rigorous vector diffraction theory is taken into application for the analysis and 
design [5]. But in the actual design process, people must be engaged in taking numerous factors into 
consideration, such as the grating material properties, period, duty cycle and groove shape, which jointly 
depend on the diffraction properties of the grating polarizer and make the analysis abstract. In particular, 
it’s complex and tedious to divide the grating into a large number of thin planar grating slabs artificially 
when it turns to a complex and random groove profile of the actual product. It’s recognized that a visual 
and intelligent software system for the analysis and design of grating polarizer is in actual demand.  
At present, Matlab is widely used in the engineering analysis because of its powerful capacity of matrix 
computation, while LabVIEW brings forth its unique fascination in image processing and developing 
friendly and intuitive user interface. The complementary advantages of the two can greatly improve the 
efficiency of engineering software development. In this paper, we design a software platform based on 
LabVIEW and Matlab. The users firstly need to setup and debug the various input parameters, and then 
they can readily complete the analysis from the output graph curves and tables. Moreover, the objects 
which can be analyzed in the software include the gratings designed by the platform and the ones actually 
produced. 
2. Analysis of the sub-wavelength grating  
The rigorous coupled-wave analysis (RCWA) presented in the 1980s is a widely used vector method 
for analyzing the diffraction of electromagnetic waves by periodic structures. The actual electromagnetic 
properties of the grating material must be taken into the calculation processes. In the analysis of the 
surface-relief grating, the RCWA mainly contains three steps [6]: 
• The grating is divided into plenty of thin planar grating slabs to approximate the grating profile. 
• The electromagnetic fields in each grating layer are determined. 
• The electromagnetic boundary conditions are applied at the interfaces among the output region, the 
individual grating layers, and finally the input region.  
The diffraction efficiencies are defined as 
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Ri and Ti are the normalized magnetic-field amplitude of the ith reflected and transmitted waves, 
respectively. For the lossless grating medium, conservation of energy is defined by   
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And for the absorbing medium, the loss of grating is defined by 
1 ( )ri ti
i
loss DE DE= − +∑   (4) 
Especially, to eliminate the numerical problems caused by the evanescent field, enhanced transmittance 
matrix approach [7] is applied in this paper. Moreover, the traditional approach converges slowly, because 
it doesn’t take the best matching conditions of the grating medium and electromagnetic field vector in the 
direction of grating into consideration. Use a Fourier factorization [8] can improve the speed of 
convergence. Let f(x) and g(x) be the set of piecewise-continuous, piecewise-smooth, bounded, periodic 
functions of x, and 
( ) ( ) ( )h x f x g x=   (5) 
Let hm be the coefficients of the Fourier factorization of h(x), then we can get three theorem:  
• If f(x) and g(x) have no concur-rent jump discontinuities, then 
m nm n
n
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• If all the jumps of f(x) and g(x) are pair wise complementary, the following inverse multiplication rule 
is used, that 
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• If f(x) and g(x) have concurrent jumps and Laurent’s rule is used, the results of the methods above are 
both not convergent.  
3. Program implementation  
3.1. Program call for Matlab Algorithm 
After the Matlab algorithm is compiled, we can work with m-file scripts by the MATLAB script node, 
which coexists as a rectangular region that you can add to LabVIEW programs and use to enter or load m-
files. When the node executes, LabVIEW calls the MATLAB software to execute the m-file script. Figure 
1(a) shows the Matlab script node. 
Fig. 1. (a) Call for the MATLAB software by the MATLAB script node; (b) Acquisition of the complex refractive index by looking 
up table file 
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3.2. Acquisition of the complex refractive index by looking up table file 
We create a set of table files, each of which contain the refractive indexes n and extinction coefficients 
k of one material at different wavelengths and named by the chemical formula of the material. Then, as 
shown in figure 1(b), we use the File I/O functions in LabVIEW to open a file and read data we want from 
the file by looking up table files. At last, we calculate the complex refractive index via the refractive index 
and extinction coefficient.
This approach greatly enhances the program's scalability. When the grating material we want to 
analyze is changed, we just need to call the corresponding table file, which is done beforehand and 
contains the relevant optical parameters of the material. 
3.3. The grating division 
The intuitive LabVIEW programming and the many image processing functions incorporated into 
IMAQ enables the implementation of easily and efficient digital image processing algorithms. As shown 
in figure 2, the division process can be summarized as five steps. (A) Extract the image completely 
contained a single grating period. (B) Execute the image preprocessing. (C) Extract the contour of grating 
profile. (D) Reduce the image noise and complete the binaryzation. (E) Fill the grating area. (F) Remove 
the non-grating area on the top of image and divide the grating into numbers of the slabs.  
Fig. 2. Image processing of the actual grating 
For the step F, the division of the grating is actually equivalent to the scalar quantization of the original 
shape profile. The approximate degree of the fitting is in relation to the number of thin planar grating 
slabs and the means of division. It’s obvious that the more slabs, the higher accuracy we obtain, but also 
the more computational cost we should pay. As shown in figure 3, equal thickness and equal width 
stratification is two means of the division. The precision of the result depends on the maximum fitting 
error in all of the layers. To the grating whose groove profile changes uniform, equal thickness 
stratification can be simply realized. But when it turns to the grating with greatly varying groove profile, 
equal width stratification is employed for a high precision in the case of a small slab number. In figure 
3(a), we take the equal thickness stratification and the division number is 50.  
4. Interface design and program function  
Interface is the medium between the users and machines to communicate information. LabVIEW 
contains a lot of input controls and output graph indicators, so you can quickly and easily create user 
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interfaces for applications and effectively display the results without the need to integrate third-party 
components or built view completely. As shown in the figure 3(b), a function of the platform is the design 
of the grating profile. We can use the mouse to draw any shape of grating groove, and then the system will 
implement the division automatically and analyze the diffraction properties of the grating.  
Fig. 3. (a) Equal thickness and equal width stratification; (b) Grating profile design. 
Figure 4 is the actual interface of our design, and it demonstrates the other three basic functions of the 
system during the grating analysis.  
• (a) Direct calculation: Calculate the normalized magnetic-field amplitude of the ith reflected and 
transmitted waves in TE and TM polarization then turn out the results in tabular form and exhibit the 
energy distribution of the wavelets in the curve graphic.  
• (b) One Variable: Exhibit the changes of the zero order diffraction efficiency and grating extinction 
ratio with one variable, including the harmonic number, the incident angle and wavelength of the light, 
the film thickness, and the grating period.  
• (c) Two Variables: Exhibit the changes of the zero order diffraction efficiency with two variables in 
the 3-D curved surface chart.  
Fig. 4.  (a) Direct calculation; (b) One Variable; (c) Two Variables. 
5. Conclusions 
Based on the Matlab and LabVIEW virtual instrument software architecture, the paper shows a 
powerful function in the design and analysis of the sub-wavelength gratings. LabVIEW provides a strong 
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functions for interface design, data transform and display, while Matlab make the implementation of the 
RCWA more efficient. Benefit from the strong image processing function of LabVIEW, the extraction of 
the groove profile of the actual grating and the design of the grating with arbitrary groove profile is 
realized readily in the platform. The values of the diffraction efficiency and grating extinction ratio 
depend on various parameters of the grating and incident light can be analyzed through the results in the 
form of charts and tables provided by LabVIEW. Moreover, the design processed in the software platform 
can be conveniently import and export by the function of document processing incorporated into the 
LabVIEW. 
At present, only the analysis of the 1-D and single-layer gratings is applicable to our software. By 
introducing proper changes to the rigorous couple-wave analysis algorithm, the software can easily update 
to a powerful tool for the design and analysis of the 2-D and multi-layer gratings. 
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